The disease melioidosis, caused by the gram-negative bacterium Burkholderia pseudomallei, is endemic in southeast Asia and northern Australia (4) . B. pseudomallei, a normal inhabitant of soil and surface water in regions of endemicity, infects via direct inoculation or inhalation and can cause severe sepsis or pneumonia. Not only can melioidosis affect many different sites in the body, but it also has a wide spectrum of severity, ranging from acute and often fatal sepsis to more chronic disease (8, 16, 28) . Several years ago, B. pseudomallei was separated from an avirulent biotype lacking the ability to assimilate arabinose, now known as B. thailandensis (24) . However, it is clear that the levels of virulence exhibited by different B. pseudomallei isolates can vary considerably in animal models (26) . Such variations can occur between related strains and do not necessarily correlate with clinical outcome or the source of the isolate (26) .
Various typing methods have been applied to the study of genetic variation among B. pseudomallei populations (14, 18) , including molecular fingerprinting approaches such as ribotyping (13) , random amplified polymorphic DNAs (RAPDs) (17, 26) , and macrorestriction analysis coupled with pulsed-field gel electrophoresis (PFGE) (5, 15, 26) . More recently, a multilocus sequence typing (MLST) scheme has been developed (11) . Extensive typing of isolates by MLST has demonstrated that isolates from Australia differ from those isolated elsewhere (6) , but there was no correlation between strain type and clinical presentation, a finding supported by analysis by PFGE (4) .
Molecular typing methods often suffer from the lack of portability (RAPDs), the requirement for specialized equipment (PFGE), the length of the procedures (PFGE and MLST), or the cost (MLST). MLST has emerged as a preferred typing method for phylogenetic studies because of its portability and unequivocal output data. However, MLST typing specifically targets the conserved regions of bacterial genomes rather than the accessory genome, which may have an important role to play in virulence. The genome sequence of B. pseudomallei K96243 revealed the presence of 16 genomic islands (GIs) with variable distributions among B. pseudomallei isolates, suggesting that horizontal gene transfer has played an important role in the evolution of this pathogen (12) . More recently, 16 regions of difference (RDs) in the genome of strain K96243, 13 of which corresponded to the GIs, were reported following a comparison with strain Bp15682 by the use of microarrays (22) . Other studies have provided further evidence of considerable variations in the accessory genome of B. pseudomallei (9, 21) .
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MATERIALS AND METHODS
Bacterial strains. The isolates used in this study are listed in Table 1 . The Australian isolates chosen for SSH were isolate 338 and isolate 520. Isolate 338 was isolated from the sputum of a 50-year-old man with chronic lung disease who had a mild clinical infection and intermittently positive sputum cultures over several years, despite specific therapy for melioidosis. Isolate 520 was isolated from a 62-year-old woman on corticosteroids for chronic lung disease who died of progressive septicemic melioidosis pneumonia. Uniquely among 49 isolates tested, strain 338 has been found in a mouse model to induce a strong immunoprotective capacity against subsequent infection with another strain (27) .
The strain panel used to analyze the distribution of subtracted sequences Extraction of DNA. DNA was isolated from strains 338 and 520 for use in SSH by the guanidium thiocyanate method, as described previously (25) . Small-scale isolation of DNA from the collection of Thai isolates was carried out with the Wizard Genomic DNA Purification kit (Promega). DNA from the larger collection of mainly Australian isolates was extracted by using the QIAamp DNA mini kit (QIAGEN).
MLST typing. MLST typing of 48 B. pseudomallei isolates from Thailand was carried out by PCR amplification and DNA sequencing of the seven loci (ace, gltB, gmhD, lepA, lipA, narK, and ndh) used in the published MLST typing scheme (11) . The loci were amplified by using the oligonucleotide primers and conditions recommended at the website http://bpseudomallei.mlst.net/ and were sequenced with the same primers. The search facility at http://bpseudomallei .mlst.net/ was used to assign the sequences obtained to allele types and to screen for previously reported MLST types. The MLST types for the 47 isolates mainly from Australia were determined previously (6) .
Construction and screening of subtraction libraries. SSH was carried out with the CLONTECH PCR-Select bacterial genome subtraction kit (Clontech) as recommended by the supplier, but with a hybridization temperature of 73°C to take account of the high GϩC content of the organism. PCR products obtained following SSH were cloned into pGEM-T (Invitrogen) to produce a subtracted DNA library of RsaI fragments. Plasmid DNA from individual clones was extracted and sequenced with vector primers by Lark Technologies. Nucleotide sequences were analyzed for their presence in genome sequence strains by using the BLASTN facilities at the websites http://www.sanger.ac.uk/Projects/B_pseudomallei (B. pseudomallei K96243) and http://www.ncbi.nlm.nih.gov/sutils/genom_table.cgi (B. mallei ATCC 23344 and B. thailandensis E264). BLASTX searches of the general database were carried out by using the website http://www.ncbi.nlm.nih.gov.
PCR and M-PCR amplification. The oligonucleotide primers (Sigma-Genosys) used in PCR assays and for the labeling of probes are listed in Table 2 and Table  S1 in the supplemental material, along with the annealing temperatures used. Amplifications were carried out in an Eppendorf MasterCycler thermal cycler for 30 cycles consisting of 95°C (1 min), the annealing temperature (1 min), and 72°C (2 min), with an additional extension time at 72°C (10 min) following completion of the 30 cycles. Dot blot hybridization. Dot blot hybridization of genomic DNA was carried out as described previously (30) with a digoxigenin labeling and detection system (Roche). Posthybridization washes were carried out by using stringent conditions.
RESULTS
SSH between two Australian isolates. Two rounds of SSH were carried out between strains 338 and 520, using each strain in turn as the tester strain. In excess of 50 clones were sequenced for each of the subtractions. The presence or absence of each of the nonduplicated subtracted sequences in the tester and the driver strains was assessed by PCR assay. The results of the SSH experiments are summarized in Table 3 . We identified 20 sequences that were PCR positive for strain 338 but PCR negative for strain 520 and 19 sequences that were PCR positive for strain 520 but PCR negative for strain 338.
Distribution of subtracted sequences among a panel of strains. Using PCR amplification assays, we studied the distribution of 45 sequences from the subtractions between strain 338 and strain 520 among a panel of 19 B. pseudomallei isolates and 14 B. thailandensis isolates ( Table 1 ). The sequences screened included 10 sequences that were PCR positive for both strain 338 and strain 520 (Table 3) , 5 of which were absent from the genome sequence strain (K96243). Among B. pseudomallei isolates, only strain 338 was PCR positive for sequences 338-B1, 338-B3, 338-B8, 338-B20, 338-2A7, 338-2B2, 338-2B4, 338-2B10, 338-2C3, and 338-2D9, whereas only strain 520 was PCR positive for sequences 520-E12, 520-2E7, 520-2F2, and 520-E18. The distribution of the remaining sequences among the B. pseudomallei isolates, based on PCR assays, is shown in Fig. 1 . Interestingly, a single strain of B. thailandensis was PCR positive for the sequences 338-B3 and 338-B8, both of which had been detected only in a single strain of B. pseudomallei. B. thailandensis isolates were also PCR positive for sequence 520-E35 (all 14 isolates), sequence 520-2H3 (12 isolates), sequence 520-2E10 (11 isolates), sequence 338-2C5 (10 isolates), sequence 338-2D10 (8 isolates), sequence 520-2F6 (3 isolates), sequence 520-E16 (1 isolate), and sequence 520-E19 (1 isolate). All other PCR amplification tests conducted with the B. thailandensis isolates were negative.
Sequences 338-B4 and 338-B7 shared common distribution profiles and matched putative genes located in close proximity to each other, upstream from the previously reported genomic island GI5 (12) , and within RD6 (22) in strain K96243 (Table  3 ; Fig. 1 ). Sequence 338-B18, included in the distribution analysis, matched a sequence located in the previously reported genomic island GI14 (12) . All but three of the isolates tested were PCR positive for this sequence (Fig. 1) . All but one of the isolates tested were PCR positive for sequence 520-E42, located within GI7 (12) .
Development of a VAT scheme. Using the information derived from the distribution analysis we chose several sequences that exhibited variation between strains of B. pseudomallei and tested various primer set combinations with a view to developing M-PCR assays designed to give variable amplicon profiles. As a positive control we included a PCR assay for a capsule gene (gmhA; Table 2 ). In addition, we included a PCR assay for a putative transposase gene originally identified in strain E503 (23) and known to have a variable prevalence among B. pseudomallei strains (unpublished data) and PCR assays for some of the genomic islands identified previously (12) . After testing numerous combinations of primers, we developed a strategy involving four separate M-PCRs (Fig. 2) . M-PCR1 is designed to assay for the gmhA-positive control and the variable sequences 338-B7, 520-E42, and 520-E33. M-PCR2 assays for the putative transposase from strain E503 and the variable sequences 338-2C5, 520-E35, and 520-2G9. M-PCR3 assays for GI11 and the variable sequences 338-2D10 and 520-E36. Finally, M-PCR4 assays for GI12 and the variable sequences 338-B3 and 520-2E10. Amplicon sizes are given in Table 2 . Overall, four sequences matched within or near genomic islands, four sequences matched transposases, one sequence was bacteriophage related, one sequence was DNA helicase related, two sequences matched hypothetical proteins of unknown function, and one sequence had no significant match (Table 3) .
Application of VAT to isolates from Australia and Thailand. The 48 isolates of B. pseudomallei from Thailand were assigned to an allele type for each of the loci ace, gltB, gmhD, lepA, lipA, narK, and ndh (Table 1) . With the exception of the lipA and narK loci of one isolate (P14), all alleles matched a sequence already deposited in the MLST database. The allele profiles were used to assign 24 of the isolates to previously reported MLST groups (Table 1 ). The 48 isolates could be subdivided into 29 MLST groups, 11 of which contained more than one strain. Eighteen isolates had MLST profiles that were unique among the collection of Thai isolates. The largest MLST groups (sequence type 70 [ST70] and one MLST type previously unreported) comprised five isolates (isolates P20, P34, P44, P42, and P49 and isolates P17, P21, P28, P31, and P41, respectively). Four isolates (isolates P26, P39, P43, and P46) shared MLST type ST10. None of the isolates from Thailand shared an MLST type with any of the isolates from Australia.
The M-PCR assays for VAT were applied to DNA extracted from strains of the two collections. Positive control DNA comprising individual or mixed DNA samples known to contain the relevant sequences were included in each of the PCR amplifications, and each DNA sample was tested on a minimum of two occasions. An amplicon was obtained from all DNA preparations for the positive control capsule gene (M-PCR1) with the exception of the preparation for B. thailandensis E52. The full VAT profiles are available in Table S2 in the supplemental material. The 95 B. pseudomallei isolates could be separated into a total of 57 VAT types. The 48 isolates from Thailand, comprising 29 different MLST groups, could be separated into 23 VAT types. The 44 isolates from Australia, comprising 44 different MLST groups, could be separated into 36 VAT types.
The five isolates from Thailand of ST70 could be subdivided by their VAT profiles into three groups. Only one isolate (isolate P42) was PCR positive for GI11, and only isolates P20 and P44 were PCR negative for sequence 338-2D10. Of isolates P17, P21, P28, P31, and P41, which shared an MLST type, isolates P17, P28, and P31 also shared common VAT profiles. However, isolate P21 differed by being PCR positive for GI11, and isolate P41 differed by being PCR positive for sequence 338-B7, located upstream of GI5. Of the four isolates sharing ST10, one isolate (isolate P39) differed from the others in that it was PCR negative for GI11. Another pair of isolates (isolates P33 and P35) that shared a common MLST type also differed in their VAT profiles. However, four other pairs of isolates (isolates P12 and P48, P9 and P47, P30 and P45, and P37 and P40) shared a common MLST type and identical VAT profiles.
The prevalences of the VAT PCR amplicons are summarized in Table 4 . Some of the sequences included in the VAT scheme were more commonly PCR positive among isolates from one of the main geographical locations than among isolates from the other. In particular, no isolate from Australia was PCR positive for the putative transposase sequence (TRANS) or GI11; a far higher proportion of Australian isolates were PCR positive for sequences 520-E33, 520-2G9, and 520-E36 (all transposase related) and sequence 338-B3 (DNA helicase related); a higher proportion of the isolates from Thailand were PCR positive for sequences 338-B7 (near GI5) and 520-2E10. Of the known genomic islands, GI11 was present in only five isolates from Thailand and GI12 was present in five isolates from Thailand and nine isolates from Australia. In contrast, the distribution of GI7, as inferred from the PCR assay results for sequence 520-E42, was more widespread (Table 4) . The distribution of the sequences among the isolates from Thailand indicated by PCR assays was confirmed by dot blot hybridizations with digoxigenin-labeled probes for the sequences gmhA, 520-E33, 338-B7, and 520-E42 (from M-PCR1); TRANS, 520-E35, and 520-2G9 (from M-PCR2); and 338-B3 and 520-2E10 (from M-PCR4) (data not shown). The PCR assays for GI11 and GI12 had been validated previously (12) . From M-PCR3, the sequence 520-E36 dot blots were less clear due to background hybridization. We tested this sequence with a second primer set and obtained the same distribution as before. Because the PCR assay and dot blot data based on our initial primer set for 338-2D10 did not agree, new primers (primers 338-2D10F2 and 338-2D10R2) were designed and tested with the Thai isolates. The distribution results corresponded to those obtained by using dot blots; therefore, the new primer set was incorporated into M-PCR3.
DISCUSSION
SSH between the two Australian isolates 338 and 520 identified 39 sequences that varied between the two isolates. The subtracted sequences varied between 134 bp and 1,097 bp in length, and all had a GϩC content (Ͻ60.3%) below the average for the organism (68.1%). Among the 39 sequences were 7 matching sequences in chromosome 1 and 4 matching sequences in chromosome 2 of strain K96243. Analysis of the genome sequence of B. pseudomallei K96243 suggests that chromosome 1 contains a higher proportion of genes involved in core functions, while chromosome 2 contains a higher proportion of genes encoding accessory functions (12) . However, we found no bias toward chromosome 2 among those subtracted sequences that matched the sequences of strain K96243. In common with previous SSH analysis between nonAustralian isolates of B. pseudomallei, we identified several variable sequences that matched transposases and bacteriophages (9) . Prophages make a significant contribution to genetic diversity in pathogenic bacteria (1) (2) (3) . The temperate bacteriophage ⌽E125 was originally identified in B. thailandensis as specific for B. mallei (31) . More recently, bacteriophage ⌽1026b was identified in B. pseudomallei and carries genes for DNA packaging, tail morphogenesis, host lysis, integration, and DNA replication nearly identical to those of ⌽E125, while those genes involved in head morphogenesis differ from those of ⌽E125 (9). Two sequences exhibiting variable prevalence among B. pseudomallei and B. thailandensis shared similarity but not 100% identity with sequences from these bacteriophages, suggesting that strain 338 and other isolates of B. pseudomallei may carry related bacteriophages. Both sequences matched a region shared by ⌽1026b and ⌽E125 at a nucleotide sequence identity of 94% (9) . Interestingly, the two subtracted sequences (338-2C9 and 338-2D10) did not share the same distribution among the panel strains (Fig. 1) , and 338-2D10 was present in both strain 338 and strain 520 (Table 3) . We identified transposase-related sequences from the subtraction only using strain 520 as the tester (Table 3) . Interestingly, because of the approach to the initial screening of the subtracted libraries that we chose, we identified a number of variable sequences, including two putative transposase-related sequences, that were not genuinely subtracted. Often, libraries generated following SSH are prescreened to identify testerspecific sequences. Initially, for convenience, we took an approach whereby subtracted sequences were first sequenced and then used to screen the genome sequence strain (B. pseudomallei K96243) prior to the design of oligonucleotide primers for PCR screening of tester and driver DNA. Our observations suggest that the SSH procedure may enrich for regions with low GϩC contents in a GϩC-rich genome among those sequences not genuinely subtracted. Hence, we were able to identify some interesting sequences that were absent from the genome sequence strain or that were variable among the panel of isolates but that were not true subtracted sequences. Our SSH analysis identified some sequences carried by the genomic islands previously identified in strain K96243 (12) . Two additional islands were included in the VAT scheme. The prophage-like islands GI7 (sequence 520-E42) and GI12 differed considerably in overall prevalence, with GI12 sharing a similarly low prevalence with GI11, a putative integrated plasmid, or a conjugative element (12) . However, our findings and those of others (9) suggest that there may be other genomic islands that are not present in strain K96243 but that exhibit a variable prevalence between isolates. The contribution of such islands and variable sequences to the variations in virulence or clinical manifestations exhibited by different strains remains unclear. However, our observations lend support to the notion that horizontal gene transfer has played an important role in the evolution of this pathogen.
Our VAT scheme is designed to give some indication of the mobilomes of isolates while also providing a cheap, reproducible, and portable method for strain discrimination. We chose to test the scheme with collections of isolates from Australia and Thailand. The isolates from Australia, all of which were different by MLST typing, have previously been used to demonstrate a difference between B. pseudomallei isolates from Australia and isolates from other regions of endemicity (6) . The isolates from Thailand were first characterized by MLST typing in this study. Thus, some isolates that share the same MLST types were included among the isolates from Thailand. However, although some of these isolates also shared VAT profiles, some had different VAT profiles, suggesting that identical molecular strain types may vary in their mobilomes. Similarly, in some cases isolates of different strain types shared VAT profiles.
Cluster analysis was used to gain an insight into the relationships between strains based on VAT profiles (Fig. 3) . The isolates cluster into groups, some of which are mainly or exclusively from one of the main geographical origins and some of which are mixed. Overall, there was a tendency for isolates to cluster with those isolates from the same geographical lo- cation, suggesting a divergence in the mobilomes between isolates from Australia and Thailand that is in agreement with the apparently distinctive nature of isolates from Australia compared to the nature of the isolates from southeast Asia (6) . However, the presence of minority isolates within clusters dominated by one geographical origin and the existence of some mixed clusters suggest that the picture is more complex. In order to resolve this, it will be necessary to sequence more B. pseudomallei genomes, especially those of Australian isolates, and conduct comprehensive microarray surveys of collections of isolates from different geographical locations. Interestingly, one cluster included five isolates (isolates 668, 62, 983, 1153, and 332) from patients with the rare neurological melioidosis presentation, which is a specific entity that can occur in patients without risk factors (neurotropic isolates) (7). Of these, three isolates (isolates 62, 983, 1153) had identical VAT profiles, yet these three isolates and the other two neurological melioidosis-related isolates all had different MLST profiles (MLST groups ST129, ST148, ST142, ST117, and ST106, respectively), with no two isolates sharing more than three of the seven MLST alleles. To date, correlations between isolates associated with melioidosis encephalomyelitis have not been found by MLST or PFGE typing (4, 6) . ST129, ST148, ST142, ST117, and ST106 were widely distributed in a dendrogram showing the results of cluster analysis based on MLST allele profiles and, apart from ST117 and ST129, were also widely distributed on a tree constructed from concatenated sequences (6) . Furthermore, other isolates within the VAT cluster containing the five neurotropic isolates were mostly associated with more severe disease, including three isolates (isolates 1161, 64, and 944) that were associated with bacteremic pneumonia with septic shock. This suggests that the content of the accessory genome may play an important role in determining the clinical manifestations of some forms of melioidosis and that this can be independent of the conserved genome. Although the data obtained in this study are insufficient to identify specific genes or activities that might contribute to the success of the isolates causing disease of the central nervous system, we can discount the need for genomic islands GI11 and GI12, which were absent from these isolates.
